Abstract: It has been suggested that certain residents, such as those with a low socioeconomic status, the elderly, and women, may benefit more from the presence of neighbourhood green space than others. We tested this hypothesis for age, gender, educational level, and employment status in four European cities. Data were collected in Barcelona (Spain; n = 1002), Kaunas (Lithuania; n = 989), Doetinchem (The Netherlands; n = 847), and Stoke-on-Trent (UK; n = 933) as part of the EU-funded PHENOTYPE project. Surveys were used to measure mental and general health, individual characteristics, and perceived neighbourhood green space. Additionally, we used audit data about neighbourhood green space. In Barcelona, there were positive associations between neighbourhood green space and general health among low-educated residents. In the other cities and for the other population groups, there was little evidence that the association between health and neighbourhood green space differed between population groups. Overall, our study does not support the assumption that the elderly, women, and residents who are not employed full-time benefit more from neighbourhood green space than others. Only in the highly urbanised city of Barcelona did the Int.
The Netherlands; Barcelona, Spain; and Kaunas, Lithuania. These four cities differ in size and urbanisation level (see Table 1 ), but also in climate and societal characteristics (e.g., the employment rate for women, country's prosperity level). By studying the relationship between neighbourhood green space and health for different subpopulations in these four cities, we wanted to explore the robustness of the associations and whether we can identify circumstances in which green space is associated with the health of different population groups. We thus investigated whether the association between neighbourhood green space and general and mental health differed by the age, gender, educational level, and employment status of residents and if this diversity was consistent across the four European cities.
Methods and Materials
Data were collected as part of the PHENOTYPE study, an EU-funded study that examined the health effects of the natural environment and its underlying mechanisms. A survey was carried out from May to October 2013 in four cities. The overall PHENOTYPE project design is reported elsewhere [15] .
All subjects gave their informed consent for inclusion before they participated in the study. 
Study Population and Data Collection
In each city, approximately 30 neighbourhoods varying in the amount of neighbourhood green space and SES were selected (see Table 1 for a description of the neighbourhoods). Neighbourhood green space was defined using Urban Atlas. We extracted the land cover categories from Urban Atlas that seemed most relevant in relation to the aims of our study (i.e., green urban areas; agricultural + semi-natural areas + wetlands; forests; wetlands; water bodies). For Doetinchem, a Dutch database (Top10NL) was used. For neighbourhood SES, country-specific data were used to divide the neighbourhoods into SES categories. See Supplement A for further details on the selection of neighbourhoods based on the Urban Atlas and Top10NL green data and SES data. Survey data were collected using face-to-face interviews, with the exception of Lithuania, where data were collected using a postal questionnaire. Per city, approximately 1000 adults, aged 18-75 years, were interviewed (n = 3947, overall response rate 20%). For further details on the data collection, see Supplementary Materials Supplement A. Additionally, in each neighbourhood, an audit was carried out to assess the amount and quality of the green spaces and of other characteristics of the neighbourhood. For each neighbourhood, a fixed sample of streets was selected, ensuring that unique, but important, features of the neighbourhood were included. The streets were combined into a route that was systematically inspected by two trained auditors (in a small number of cases, by one auditor). The auditors received a short training and a fieldwork training guide, providing them with specific instructions and example photographs per item. The training also included a shared observation of a neighbourhood where discrepancies between assessments were discussed and resolved before the start of the actual audit. During the audit, the auditors filled out a form containing closed questions about, for instance, the number of trees, the architectural character, maintenance of the area, or the general impression of the neighbourhood. With this approach, we attempted to obtain more objective information about the amount and quality of neighbourhood green. Audit data are considered more objective than the perceptions of residents, but are not as objective as registry or land-use data, since they remain an assessment.
For the purposes of our study, we selected respondents with complete data for the indicators of interest, providing us with a sample of 3771 respondents in 124 neighbourhoods (96% of the study population).
Measures

Health Measures
Self-Rated Mental Health
Mental health was measured using the Mental Health Inventory (MHI-5), a measure with demonstrable reliability and validity [16] . MHI-5 assesses a person's feelings of nervousness and depression during the past month, using questions with answers ranging from "all the time" to "never" on a six-point scale. The sum scores of the five answers were transformed into a scale from 0 to 100 [17] , with higher scores reflecting better mental health.
Self-Rated General Health
Self-rated general health was measured by a single-question item: "In general, how would you evaluate your health?" The respondents were asked to answer using a five-point Likert-scale (1 = excellent, 2 = very good, 3 = good, 4 = fair, 5 = poor). Responses were dichotomised into excellent/(very) good versus less than good. This measure is a good indicator of the overall health of the population [18] . It has consistently proven to be an independent predictor of mortality [18] and morbidity [19] .
Green Space Measures
Measures of assessed and perceived green space were included because previous studies had reported that objective and perceived neighbourhood features might capture different aspects of a neighbourhood, which might differently impact a person's health [3, 20, 21] . Furthermore, both amount and quality measures were included, as previous studies had also reported that it was not only the quantity of neighbourhood green space that might be important for health, but also its quality [22, 23] . When we refer to the quality of green space, we mean issues like the maintenance of the green feature, its variation, and its attractiveness.
Audit Amount and Quality of Neighbourhood Green Space
Audit data were used to determine the more objective neighbourhood green measurements. The amount of neighbourhood green space was based on six items containing information about the percentage of visible gardens, garden size, the arrangement of the gardens, number of trees, size of public green spaces, and size of public blue spaces (Cronbach's alpha 0.66). The quality of neighbourhood green space was determined by the auditor's answer to the question: "What is your general impression of the quality of the green space in this neighbourhood?" Answers ranged from 1 (very negative) to 5 (very positive). The green indicators were standardised using Z-scores, which were calculated for each city separately. In doing so, neighbourhood green space was compared between the neighbourhoods within one city and not across all cities, making it possible to examine the relative effect of green space on health.
Perceived Amount and Quality of Neighbourhood Green Space
The perceived amount of neighbourhood green space was measured by asking the respondents: "How would you describe your neighbourhood in terms of green and blue?" Using a five-point Likert scale, the answers ranged from "not at all" (1) to "very" (5) . The perceived quality of neighbourhood green space was measured by the question: "Overall, in your neighbourhood, how satisfied are you with the quality of the green/blue environment?" Answers were arranged on a five-point Likert scale, with a higher score reflecting a greater satisfaction with the quality.
We use the term neighbourhood green space for our natural environment measures, because the audit showed that the neighbourhood natural environment consisted foremost of green elements. Moreover, this term corresponds with the terms used in most studies concerning the relation between the natural, green, environment and health.
We conducted ecometric analyses to calculate the average perception of neighbourhood green space [24] . By doing this, we were able to include subjective assessments of neighbourhood green space, while avoiding "same-source bias" (also measured at the same-time) [25, 26] . Moreover, with ecometrics, more reliable estimates of the context (i.e., characteristics of places) effect of the neighbourhood can be calculated, because composition (i.e., characteristics of people) effects are taken into account [24] . Ecometric average scores were calculated (stratified by city) and standardised into country-specific Z-scores. See Appendix B for more information about the ecometric approach and for reports on the City-specific reliability scores for the two perceived green measures.
In Kaunas, the perceived green space indicators had low reliability (Supplementary Materials Supplement B), indicating large differences in the perception of green space between residents of the same neighbourhoods or measurement errors [27] . Because of this, we decided to report the findings for perceived green space in Kaunas in the results section only and to exclude them from the discussion section where the implications of the findings are discussed.
Confounders and Definition of Subpopulations
The individual control variables were sex, age (in years), highest achieved educational level (primary school/no education; secondary school/further education; university degree or higher), nationality (country nationality versus other), employment status (full-time employed versus part-time/unemployed), household composition (children under 12 years: yes/no), and homeownership (yes/no). The neighbourhood SES (low; intermediate; high; based on country-specific data, see Supplementary Materials Supplement A) was included as a neighbourhood level confounder, i.e., a neighbourhood characteristic that may confound the relation between neighbourhood green space and health.
When testing the effect of neighbourhood green space for different age groups, age was divided into two groups (under 65 years versus ≥65 years) to reflect the approximate retirement age in the four countries.
Besides the elderly, women, and low-educated groups (primary school/no education), we tested to see if residents who were not employed full-time profited more from neighbourhood green space than people with a full-time job. We hypothesized that these individuals might be another group of residents who may have been more exposed to neighbourhood green space. The underlying assumption is that residents who are not employed full-time spend more time in the neighbourhood and therefore benefit more from the presence of neighbourhood green space. If we can identify population groups that benefit more from green space in the neighbourhood, this could serve as a basis for policy measures. See Table 2 for the descriptive statistics. 
Analysis
Multilevel regression analyses were applied to take into account the clustering of the data. Level 1 represented the individuals; Level 2: neighbourhoods; Level 3: cities. The city was included as a level in order to assess the city-specific effects in one model. The effects of neighbourhood green space were allowed to vary between different groups of population characteristics (education, age, employment, sex). Analyses were adjusted for demographic characteristics. Furthermore, the analyses using the perceived neighbourhood level of green space measures were adjusted for the individual perception of neighbourhood green space. The neighbourhood green effects were estimated for every city separately, using one model. We tested whether effect modification by age, gender, educational level, and employment status occurred by subtracting the estimates of the subgroups and testing if the differences were statistically significant (p-value < 0.05). Significant differences in the estimates between subgroups are reported independent of the significance of the relations between green space and health within each subgroup. Analyses were conducted using SAS 9.3 (SAS Institute Inc., Cary, NC, USA). For a more elaborate description of the analyses, see Supplementary Materials Supplement C.
Results
Does the Association between Neighbourhood Green Space and Health Differ by Educational Level?
In Barcelona, with the exception of the audit quality of green space, the association between neighbourhood-level green space and general health differed significantly between low and high-educated groups (Table 3) . Low-educated residents reported good general health significantly more often when the amount or quality of neighbourhood-level green was higher. Mental health showed similar patterns, albeit statistically significant differences between the low-and high-educated residents only occurred for the audit amount of neighbourhood green.
In Doetinchem, there were significant differences between the intermediate-and high-educated residents with regards to the association between the perceived quality of neighbourhood green space and general and mental health. Intermediate-educated residents tended to report better mental and general health when the perceived quality of green space was better, whereas the high-educated residents tended to report poorer health, though neither of these associations were significant. There were no differences between the educational groups in the relation between the amount of green space (neither audit nor perceived) and health.
In Kaunas, there were significant differences between educational groups in terms of the association between the perceived amount of neighbourhood green and general health. Low-educated residents reported having poor general health significantly more often when the perceived amount of neighbourhood green space was higher, while no association was found for the other education groups. In the case of mental health and audit amount of green, there were significant differences between the intermediate-and high-educated residents, in line with Doetinchem and Barcelona. Intermediate-educated residents tended to report better mental health when neighbourhoods were greener, while high-educated residents tended to report poorer mental health (associations not significant).
In Stoke-on-Trent, the relation between the audit quality of green and general health differed significantly between low-and intermediate-educated residents, with the low-educated residents reporting poor general health significantly more often when living in neighbourhoods with a better quality of green space. No differences were found between the educational groups for the other green measures or for mental health.
Does the Association between Neighbourhood Green Space and Health Differ by Age?
In Barcelona and Kaunas, the associations between green space and health differed by age. In Kaunas, the impact of living in greener neighbourhoods (perceived) on general health differed significantly between the age groups in such a way that residents under the age of 65 reported poor general health significantly more often in greener neighbourhoods (Table 4 ). There were also significant differences between the age groups in the relation between green space (audit quality and perceived amount) and mental health, again with residents under the age of 65 tending to report poor health more often, albeit these associations were not significant.
In Barcelona, there was a significant positive association between the perceived amount of neighbourhood green space and general health among the elderly, which was not found in the younger population. No significant differences by age were found for the audit neighbourhood green indicators or for mental health.
In the other two cities, no differences were found in the relation between neighbourhood-level green space and health between the elderly and the younger age group.
Does the Association between Neighbourhood Green Space and Health Differ by Employment?
Only in Barcelona and only in the case of the audit amount of green space was the hypothesis supported, with a positive association between neighbourhood greenness and mental health among residents who were not employed full-time, and no association among residents with a fulltime job ( Table 5) . No differences by employment status were found for general health.
In Kaunas, the pattern was reversed, e.g., residents with a full-time job tended to report better mental and general health when the quality of (perceived) green space was better, while those who were not employed in a full-time job tended to report poorer health when the quality of neighbourhood green increased, though neither of these associations were significant.
In the two other cities, there were no differences in the association between neighbourhood green space and health by employment status. Table 3 . Multilevel regression analysis for the relationship between neighbourhood-level green space (standardised estimates) and mental health (MH) and general health (GH) (standard errors in parentheses), by education (the p-value is provided for significant differences between subgroups) a .
Doetinchem-The Netherlands
Barcelona a adjusted for sex, education, ethnicity, household composition, employment status, homeownership, neighbourhood SES. b adjusted for individual deviation from the neighbourhood level perceived green score.* significant associations between green and health (* p-value < 0.05, ** p-value < 0.01). p-value difference: significant differences between the effect estimates of the subgroups. Table 5 . Multilevel regression analysis for the relationship between neighbourhood green space (standardised estimates) and mental health (MH) and general health (GH) (standard errors in parentheses), by employment (for significant differences between subgroups the p-value is provided) a . a adjusted for age, sex, education, ethnicity, household composition, homeownership, neighbourhood SES. b adjusted for individual deviation from the neighbourhood level perceived green score. * significant associations between green and health (* p-value < 0.05, ** p-value < 0.01). p-value difference: significant differences between the effect estimates of the subgroups.
Does the Association between Neighbourhood Green Space and Health Differ by Gender?
There were no significant differences in the association between neighbourhood green space on the mental or general health of men or women in the four cities (data not shown).
Discussion
We found some evidence that the low-educated residents benefitted from green space in their neighbourhood as compared to the high-educated residents. The difference in the relationship between green space and health by education was most evident in Barcelona, and to a much lesser extent in Doetinchem. We found no clear evidence for a different relationship between neighbourhood green space and health for people with a different employment status, different age groups, or between men and women.
Study Limitations
A limitation of this study was the low overall response rate, especially in Doetinchem, the Netherlands. A non-response analysis in the Dutch city showed that the non-respondents reported worse general health than the respondents. This could have led to an underestimation of the health effect of green space for the low educated group in Doetinchem. Another limitation in all four cities, but particularly in Doetinchem and Kaunas, is the underrepresentation of low-educated people. In these two cities, the almost absent residents with a low-educational level (1.2% and 1.7%, respectively, Table 2 ) could have complicated the demonstration of significant associations between neighbourhood green and health for this population group. Furthermore, our audit measure of the quality of neighbourhood green space has limitations. It was based on a single-and broadly described item ("general impression"). This might not have assessed the quality of neighbourhood green space accurately enough, which may have hindered the assessment of the relation with health. Furthermore, we cannot completely rule out that, despite the use of identical measurements, data might not be comparable because of cultural differences in the interpretation of survey and audit questions. This should be kept in mind when interpreting the results. Finally, a limitation of the study was that cities and countries overlapped. This made it impossible to determine whether the differences between the four settings were indeed city differences or could have been country (national) differences. Additional analyses showed that there were differences between the cities in the appreciation of nearby green and blue space. The residents in Barcelona and in Stoke-on-Trent more often reported nearby green/blue to be very important for physical activity, relaxation, and social activities than the residents of Doetinchem (in the case of social activity and relaxation) and Kaunas (in all cases). On the other hand, nearby green for walking and biking paths for commuting was found to be most important among the residents in Doetinchem, which might be related to the fact that active transport, in particular cycling, is more common in The Netherlands than in the other countries. These findings indicate that there may indeed be cultural differences between the cities or countries in the appreciation of the natural environment near the home, and that these differences might have influenced our findings. Therefore, future international comparison studies should preferably avoid the overlap between cities and countries.
Interpretation and Implications of the Study's Findings
This study found no evidence that employment status did interfere with the association between neighbourhood green space and health. The underlying assumption that residents who are not employed full-time spend more time in the neighbourhood and therefore benefit more from the presence of neighbourhood green space may be incorrect. It is possible that people who are not employed full-time and have more leisure time do not spend that extra time in their own neighbourhood. Future studies that investigate the hypothesis of differences in exposure to neighbourhood green space should specifically measure the amount of time that respondents spend in various locations, for example, by using Space-Time Budget methods [28, 29] . Space-Time Budget methods provide information within a specific period where people are (at what geographical location), under what circumstances (for instance with whom), and what they are doing [29] . This type of information can provide more insight into the actual exposure to green space, both inside and outside the neighbourhood, and its effect on the health of different population groups. The absence of a differential relation between green space and health by employment status could, however, also be the result of the broad classification of employment status used in our study where the group "not full-time employed" consisted of individuals with a part-time job, those who were unemployed, retired, and who carried out volunteer work.
We found no evidence that the association between neighbourhood green space and health was different for men and women, although this has been reported in previous studies [4, 5, 11, 12] , and for other neighbourhood characteristics [30] . We, and others, hypothesized that women are more exposed to neighbourhood green space since they are often the primary caregivers who supervise the children and work part-time more often than men do. They are therefore likely to spend more time in the direct living environment. It has been suggested that because the social roles that are typically fulfilled by women are more locally orientated, women's health is more strongly related to the characteristics of the neighbourhood (including green space availability) than men's health [30] . In Doetinchem and Stoke-on-Trent, women worked full-time less often than men did, but we found no differential effect for gender in these cities. It has also been argued that the health benefits of green space for women are more closely associated with subjective green quality indicators than is the case for men (Richardson and Mitchell, 2010) . Our results regarding both the quantity and quality measures of green space do not support this hypothesis. Nor did we find evidence that the perception of neighbourhood green space is more important for women's health and objective measures of green space than for the health of men.
In the four cities, by testing multiple green indicators, we found only two instances where the relation between neighbourhood green space and health differed significantly between the age groups. In Barcelona, the general health of the elderly benefitted from the perception of neighbourhood greenness, whereas the general health of the residents under the age of 65 did not, in concordance with earlier studies from the Netherlands [4, 7] . In Kaunas, the association between the audit quality of green space and mental health differed between the age groups, with residents under the age of 65 tending to report poor mental health more often. Overall, we found no support that neighbourhood green space specifically benefits the health of the elderly.
Lower educated residents seem to benefit more from neighbourhood green space than high-educated residents in Barcelona, and to a far lesser degree, in Doetinchem. This has been reported in previous studies [4, 6, 7] , though not consistently [13, 14] . It is not clear which underlying mechanism plays a role. The hypothesis that certain population groups such as the low-educated are more exposed to the neighbourhood environment and therefore benefit more from neighbourhood green space needs more precise examination, since most studies, ours included, do not directly study the differences in exposure to green space between population groups. If the health benefits resulted from the mechanism that low-educated groups are generally in worse health, which offers them more room for health improvement, this leaves the question of why this mechanism does not apply to the low-educated residents in Kaunas and Stoke-on-Trent, where the association between the low-educated group and neighbourhood green space was not found. Perhaps the geographical setting played a role. In our study, the different patterns regarding neighbourhood green space and health between subpopulations were not consistent within or across the four urban settings. Most relations between green space and health were found in Barcelona, which is by far the largest and most densely populated city in our study (see Table 1 ). We therefore hypothesize that particularly in highly urban circumstances, neighbourhood green space is important for the health of particularly low-educated residents. This suggests that the health impact of neighbourhood green space is not only confined to certain subpopulations, but also depends on the residential circumstances, in this case, urbanicity. However, this hypothesis needs further examination. Overall, our findings show that the patterns regarding neighbourhood green space and health between subpopulations differed between the four cities and that is important to consider the local context before research findings are translated into policy recommendations or interventions.
Conclusions
Overall, our study does not support the assumption that the elderly, women, and residents who are not employed full-time benefit more from neighbourhood green space than others. The finding that the health benefits of green spaces for lower educated groups were only found in Barcelona might indicate that only in highly urbanised areas neighbourhood green spaces are important for the health of low-educated residents and not for higher educated neighbours.
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